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Precipitation values include the water equivalent of the snow.

Figure 5

Snowfall Distribution in Inches
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Figure 6

Mean Annual Precipitation Distribution
in Inches
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Figure 10 Mean Minimum Temperature Distribution. July

Figure 9 Mean Minimum Temperature Distribution, January

Temperature
Temperature patterns appear In Figures 7 through 10. The

range of more than 100 degrees F between summer high and
winter low temperatures in the Interior Is characteristic of the
Continental Zone, just as a range of only about 40 degrees F is
typical of the Maritime Zone to the south. The National
Weather Service, the official weather reporting and recording
agency of the federal government, reported 100 degrees F at
Fort Yukon on June 27, 1915, as the highest recorded temper­
ature In the state. The iowest recorded temperature was minus
80 degrees F at Prospect Creek, about 25 miles southeast of
Bettles, on January 23, 1971.

In general, temperature patterns shown are representative
since the map scale makes it impossible to show them Individu·
ally. The variety of terrain In Alaska creates microcllmates or
small areas where temperature, precipitation, or both will vary
from that of the surrounding area. For example, summer frost '
in Interior Alaska varies In frequency from one location to
anothar but correlates most closely with elevation. Sites at
higher elevations have greater frost frequency and cannot be
shown on a small scale map.
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Heating Degree Days
Home heating begins when the air temperature Is near 65

degrees F. Mean temperatures below 65 degrees accumulate
heating degree days (Figure 13). When the mean temperature
for a particular day is above 65 degrees, cooling degree days
are measured. For design purposes the addition of 500 heating
degree days for the Aleutian Islands and Southeast Alaska and
1,000 for the remainder of the state to the values shown on
the chart for these areas 'will approximate one occurrence every
10 years.

Freezing Degree Days
For design purposes, freezing degree days of 1,000 more

than the mean (Figure 11) will approximate an extreme that
can be expected once In a 10-year period (Johnson, Hartman
1969). North of the Bering Strait, lines of equal freezing degree
days at the coast are linear with values farther Inland reflecting
winter conditions. A curved pattern shows the Influence of the
unfrozen sea In the central and southern Bering Sea. The
southern limit of Isolated permafrost falls close to 2,000 freez­
Ing degree days on the Alaska Peninsula. A general relationship
is not apparent between freezing degree days and other perma­
frost conditlons.

Thawing Degree Days
The presence of permafrost depends on thawing as well as

freezing. Thawing degree days (Figure 12) also measure summer
duration and temperatures. Areas with lower values of thawing
degree days than freezing degree days tend to have some
permafrost. Areas with low thawing degree days and high
freezing degree days are candidates for continuous permafrost.

The uniformity of thawing degree days In Interior Alaska
Is caused by higher summer temperatures, which compensate
for longer thawing seasons farther south. It results in a fairly
uniform ,type of forest cover, except where altitude reduces the
length of the growing season for forest species. For design
purposes In Alaska, thawing degree days which are 300 degrees
greater than shown will occur approximately once every 10
years.
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Annual Heating Degree Day Distribution

Annual Thawing Degree Day Distribution

Annual Freezing Degree Day Distribution

Figure 13

Figure 12

Figure 11

Degree Days
Degree days measure the departure of mean dally tempera­

ture from a given standard, one degree day for each degree of
departure above or below the standard during the day. The
standard for heating degree days is 65 degrees F, for freezing
and thawing, 32 degrees F. Degree days are usually accumulat­
ed over a period of time or season.

By using the temperature pattern data of an area, thermal
loads can be measured over a period of time, usually one year.
Heating, freezing, and thawing loads are often measured In
degree days per year.

Heating degree days measured below 65 degrees F provide
information for calculating the annual fuel requirement for a
heated building. The freezing degree days measured below 32
degrees F provide a basis for calculating the depth of annual
ground freezing or Ice thickness, while the thawing degree days
measured above, 32 degrees F provide a measure of ground
thaw during spring.

Climate



Equivalent Wind Chill Temperatures

Chill Temperature
The human body or any body warmer than the surround·

ing air, loses heat to the air. The rate of loss depends on the
barriers to heat loss, such as clothing, Insulation, and air. Air at
body temperature reduces the loss to zero. Heat loss continues
In changing air that is lower than body temperature. The rate
depends on temperature differential and rate of change. Even a
light wind results in an Increased rate of heat loss. A strong
wind can produce a rate loss greater than the body can replace
it, resulting in a lowering of body temperature. The relation·
ship between body heat loss and wind speed has been develop·
ed and is shown in graphic form in Figure 16. Proper clothing
protects the body from extreme cold and wind.

Wind Channeling
Wind speeds may also increase by channeling (Figure 15).

Water provides a good example of this channeling effect. In a
wide channel water may flow at e speed of five knots. If the
channel narrows, the speed of the current increases In order to
carry an equal volume of water In an equal amount of time.
Wind reacts in the same way. Valleys and mountain passes
form narrow channels. The best example of this in the Arctic
Region is the Killik River valley. Observers fiylng over the
valley In winter often report that strong winds have swept the
ground bare of snow. Sheltered areas nearby are stili covered
with snow. Other examples of this are Anektuvuk Pass and the
Chandler River valley. Wind speeds in these special areas may
double or triple.

Wind
Rotation and uneven heating of the earth's surface com·

bine to create a model globai circulation pattern shown in
Figure 14 (Milier, Thompson 1970). These combined forces
create threa major circulation cells between the equator and
the pole, Heated air at the equator rises and moves north, then
gradually turns east at a latitude of 30 degrees under the
influence of the earth's rotation. Air eccumulates, creating high
pressure at the surface. To equalize this pressure, air flows
outward from the high toward the south as northeasterly trade
winds and northeastward as prevailing westerlies. Cold air from
the Arctic flows southwest and meets the warmer moist air
moving north. Again air accumulates. this time at the earth's
surface where it is forced upward by temperature gradient
effect. This air mass divides in the upper atmosphere, part
flowing north and part south, completing the circulation of the
three cells. This last zone of upward moving air varies between
60 and 60 degrees letitude and provides the conditions for
storms that form In tha northern and western Pacific Ocean
and move eastward to the south of the Aleutian Island cha In
into the Gulf of Alaska,

The earth's atmosphere is broken into numerous high and
low pressure cells. These relate to certain types of weather.
High pressure usually Indicates improving or good weather; low
pressure, deteriorating or stormy weather. Movements of air or
wind are commonly related to tangible weather events but
actually result from fluctuations in air pressure. Air in a high
pressure cell flows toward a iow pressure cell, creating wind
movement. The speed of moving air is related to the difference
in pressure over a given distance; the greater the pressure
difference, the greater the wind speed.

Figure 16

Global Wind Circulation Pattern

TEMPERATURE (OF)

Wind Channeling

Figure 14

~

Air flowIng through narrow gaps/ such as mountain valleys, Is accelerated. The more
severe the restriction, the greater the acceleration.

Figure 15

COOL./NG POWER OF WIND EXPRESSED AS "eQUIVAL.ENT CHlL.L.. TEMPeRATURE 'I
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Arctic Climate

Arctic weather sharply contrasts with weather in other
parts of Alaska. Average temperatures are cold, and persistently
strong winds blow over the northern half of the area, Although
the terrain is continuously wet in summer and dotted with
lakes, the amount of precipitation is low. Therefore, except at
higher elevations, the region Is classified as a desert-a desert of
frozen land.

In the Arctic weather is critically important to man. At
times, wind and temperature make outdoor activities difficult
or impossible. The primary mode of transportation, flying,
depends heavily on weather conditions, Surface transportation
is restricted to a limited road system during warm months but
Increases when the tundra is frozen and snow-covered.

The Arctic Region and the Arctic Climatic Zone are geo­
graphically the same. Despite the proximity of the offshore
icepack to land for at least 10 months of the year, the Arctic
Ocean and Beaufort Sea have a modifying effect on coastal
temperatures, On the southern extremity of the region the
Brooks Range affects both temperature and precipitation, Sur­
face winds are relativeiy strong along the coast but weaken and
become more variable further inland. In the mountains wind
speeds accelerete as they are channeled through north-south
oriented passes (Figure 15).

The nine locations shown in Figure 17 are the only
stations that provide weather data for the immense Arctic
Region. Only at thasa locations have temperature and precipita­
tion data been consistently recorded and summarized. Wind
data are available only for Barrow, Umiat, Cape Lisburne, and
Kaktovik (Barter Island). Because of the small amount of
usable data for Oliktok, the figures shown for that station do
not necessarily represent average conditions,

During exploratory oilwell drilling, observations were
made at a number of locations near Prudhoe Bay. These
records, which included Information relating to aviation weath­
er, did not include daily values of high and low temperature
and precipitation, The data were not routinely summarized,
therefore, although the locations of the observation points are
shown on Figure 17, basic weather data are not shown for
thesa sites, With the exception of Ollktok, a mJiitary Dewline
station, data from the weather stations shown in Figure 17 are
aveilable from the National Climatic Center, Federal BuJidlng,
Asheville, North Carolina 28801 and the Arctic Environmental
Information and Data Center, University of Alaska, Anchorage,

Five stations on the coast from Barrow southeastward
provide adequate data coverage for that portion of the coastal
region. The remainder of the region is inadequately covered by
weather reporting stations. Therefore, the sparsity of data sta­
tions requires that a great deal of SUbjective analysis be used to
portray regional climatic patterns, .
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Adapted from National Weather Service charts.

---+- Primary Storm Track
----~ Secondary Storm Track
-101'- Sea Level Pressure In Millibars (mb)

Unes called Isobars connect points of equal .urfaco prossure. Units of pressure are recorded In
millibars rather than Inches of mercury in order to better .how.very .mall changes In pressure.
One millibar I. approximately 0.03 inches of mercury. The area of high pressure found In the
upper center of each of the four charts Is a semipermanent pressuro condition. Period of
record Is 40 years.

Figure 18 Average Storm Tracks and Sea I.evel Pressure Patterns for
Four Months of the Year

Whiteout In the Arctic.

..
Weather conditions along the· coast are reasonably repre­

sented by the conditions at Barrow and Barter Island, except
fog which differs seasonally between the two locations. Since
terrain is flat and most storms move west to east, all areas are
affected In much the same way.

Inland from the coast, weather conditions are more locally
variable. Umiat, in the foothills of the Brooks Range at the
bend of the Colville River, is the only inland station with
significant data. Sporadic data are available from Sagwon and
more recently from pipeline construction camps along the
trans-Alaska pipeline route. Inland surface winds are lighter and
slightly more variable in direction. Temperatures have a greater
range than along the ceast, but precipitation is about the same.

Weather conditions at Anaktuvuk Pass are greatly Influ·
enced by local terrain and are therefore unique to that loca­
tion. For exampie, as surface winds are channeled through the
pass, they become quite strong at times.

Mean Storm Tracks and Storm Frequency
During World War II historical weather maps of the north·

ern hemisphere were prepared for the period from 1899
through June 1939 (Klein 1957). Mean storm tracks for the
northern hemisphere were computed from this data to show
the source and movement of storm centers.

August is the only month that a primary storm track
crosses through the Bering Sea into northwest Alaska. During
other months secondary storm tracks affect some part of the
Arctic Region. Storm patterns for 4 of the 12 months are
shown in Figure 18. Mean pressure patterns (U.S. Weather Bureau
1952) are superimposed onto the storm traeks. The patterns
for all 12 months show an average east to west flow of air in
the Arctic. Surface winds at Barter island, however, prevail
from the west 3 months of the year. The small scale climatol­
ogy of that area permits locally prevailing west winds, while
large scale air movement is from east to west.

With a primary storm track into the Arctic only during
August, the annual frequency of storms is considerably less
than in other parts of Alaska. The statistics in Figure 19 reflect
the percentage frequency of occurrence In days or portions of
days averaged over 40 years of record for geographic areas with
dimensions of 5 degrees latitude by 10 degrees longitude. The
highest frequency of occu rrence is during summer months with
August the highest. However, even the frequency in August Is
low, especially when compared to the Bristol Bay and western
Gulf of Alaska regions.

11 Climate
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Solar Radiation of Sunlight and Heat
Latitude and the season of the year determine the length

of each day at a particular location (Figure 20). In the north
days are longer in summer and shorter in winter than at more
southerly latitudes. Twilight marks the beginning of darkness or
sunlight.

The three twilight terms in use are civil, nautical, and
astronomical. Civil twilight, the term most frequently used, is
the time of day when the sun is below the horizon by 6
degrees or less. Nautical twilight represents the range between 6
and 12 degrees below the horizon, and astronomical twilight is
between 12 and 18 degrees below the horizon (American
Meteorological Society 1959). Beyond 18 degrees sunlight no
longer results from bending the sun's rays, but is reflected light
such as from the moon. At the end of civil twilight visibility Is
drastically reduced affecting most outdoor activities.

The sun rises at Barrow at 1:06 a.m. on May 10th and
does not set again until August 2nd at 11 :51 p.m. with an
elapsed time of 84 days, 21 hours, and 3 minutes (U. S. Naval
Observatory). Actually, darkness ceases with the beginning of
civil twilight at 1:03 a.m. on April 23rd and does not begin
again until the end of twilight at 11:59 p.m. on August 19th.
The total elapsed time without complete darkness is 118 days,
22 hours, and 56 minutes. The sun sets in Barrow at 12:50
p.m. on November 18th and does not rise again until January
24th at 11 :51 a.m. with an elapsed time of 66 days, 23 hours,
and 1 minute. However, a short period of twilight or indirect
sunlight occurs during each of these days, ranging from 2 hours
and 68 minutes in December to slightly more than 6 hours in
November and January. Although the sun does not appear
above the horizon for almost 67 days, approximately 12% days
of twilight occur at daily intervals of varying length.

13 Climate
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Temperature
The Arctic receives most of its heat energy during sum·

mer. The decrease of heat energy in fall and winter is gradual
at southern latitudes, but Is dramatically rapid at extreme
northern latitudes. Decreases in temperature follow the same
pattern, especially after heat energy from the surface to the
atmosphere exceeds the incoming heat from the atmosphere to
the surface. Then, temperatures in the Arctic are influenced by
air flow which periodically carries warmer air to the north,

In the Arctic the heat energy balance becomes negative­
more outgoing than incoming-In September, compared to mid·
October for southern Alaska. From September until the end of
December both maximum and minimum temperatures drop
rapidly. A slight warming trend occurs in most of the region in
January. Temperatures reach their lowest point In February,
move upward beginning in late March, and rise rapidly from
April to July. The heat energy balance becomes positive again
in late March or early April. Figure 23 shows average maximum
and minimum temperatures and extreme temperatures for loca·
tions where data are available.

February is the coldest month at all stations except
Anaktuvuk, where January is the coldest (Environmental Data
service, U. S. Department of Commerce, various dates). Aver­
age minimums range from about minus 35 degrees F (minus 37
degrees C) along the foothills of the Brooks Range to approxi.

, ,

mately minus 25 degrees F (minus 32 degrees C) along the
north and northwest coast to minus 20 degrees F (minus 29
degrees C) along the extreme southwestern coast. July is the
warmest month in the region. Average Fahrenheit maximums
range from the mid· to low 60s along the foothills to the
mid-40s along the north coast to the mid·50s along the south.
western coast. Summer minimum temperatures drop below freez·
ing in all areas but average below freezing at only three of the
seven observation sites. Extreme temperatures, both warmest
and coldest, occur in the foothills or mountain areas.

In the Arctic, chili temperature values are more important
to biologic systems than the free air temperature. Cold winter
temperatures coupled with strong winds produce chill tempera·
tures that require extreme precautions before outdoor activity
is conducted. Figure 24 reflects chill temperatures for each
'degree and mile per hour of wind. This detailed interpolation
of equivalent chill temperature is presented in addition to
Figure 16 since this climatic condition is so important to man's
occupancy and use of the land.

The frequencies of occurrence of chill temperatures at
three locations are presented in Figure 25. Barrow is used to
represent the area from the coast inland approximately 50
miles, Umiat for the interior beyond 50 miles, and Cape Lis·
burne for the western coastal area,

15 Climate
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Figure 24 Cooling Power of Wind Expressed as "Equivalent Chili Temperature"
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The chill temperature for 'each Fahrenheit degree and mile per hour of wind was Interpolated from the Equivalent Wind Chili Temperature Chart, Figure la,
Temperatures of zero and colder are critical In the Arctic because of moderately strong surface winds.

Wlnd$peeds. are In MPH, Temperature OF.

Adapted from U.S. Air Force. Arctic Aeromedical Laboratory and Sclentlflo Services. 11 th Weather Squadron
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Data summaries are available only from these thr.e
locations. For most planning purposes Barrow Is
considered representative of the north arotlo coast,
Cape Lisburne of tha western and northwestern
coast, and Unlat of tho intErior plains and foothills.

Period of records: Barrow-20 years, Cape Llsburn.
-14 years, Umlat-B years.

Figure 25 Frequency of Occurrence
of Chill Temperatures at Barrow.
Cape Lisburne, and Umiat.
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In contrast to the single period in August when most precipitation occurs, the
snowfall pallern shows a primary peak In October and a secondary peak In
spring which varies from February to May. Period of record is 8 to 20 years,

Adopted from the NalionaJ OceanIc nnd Atmospherio AdminIstration Env1ronmental Data ServIce.
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The line graph plot of the nine data stations shows the distribution of
precipitation through the year. Showing clearly the comparatively heavy
precIpitation that occurs In late summer and early fall. Period of record
Is 8 to 20 years.

Adapted from the National Oceanic and Atmospheric AdmInistration Environmental Data Service.

Figure 27 Average Monthly and Annual Snowfall

Figure 26 Average Monthly and Annual Precipitation
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Precipitation
Annual precipitation amounts depend on many climatic

interrelationships such as global weather patterns, terrain of the
surrounding area, and air temperature. Annual precipitation
amounts In the Arctic are generally low (Environmental Data
service, U. S. Department of Commerce, various dates). Any
exception can be explained by special conditions affecting one
or more of the three factors mentioned above.

Global weather patterns, partially presented in Figure lB,
show major storm tracks. During all months except August the
major storm track In Alaska Is along and to the south of the
Aleutian Island chain, Alaska Peninsuia, and into the Gulf of
Alaska. There are many minor storm tracks. One pushes storms
In a west to east movement along the Alaskan coastal Arctic
from the Soviet Arctic or north through the Bering Sea to the
Alaskan Arctic. During August the south to north movement of
storms through the Bering Sea becomes a major storm track
producing the Arctic's largest monthly precipitation amounts.

Terrain can increase precipitation amounts whenever moist
air is forced up a mountain slope. The moisture in the air cools
and condenses and then falls to earth as rain or snow. Without
this mechanlcai 11ft precipitation may not develop.

Air temperature controls how much moisture the air holds
as a vapor or gas. Regardless of other factors, extremely cold
air can contain only very small amounts of water vapor. The
result is low precipitation.

Precipitation in the Alaskan Arctic varies considerably
with location. Heaviest amounts occur in the highest elevations
of the Brooks Range where the average annual amounts vary
from 40 or more inches in the eastern glacial area to about 10
inches In parts of the central portion. In the coastal and
foothill areas amounts range from 7 to less than 5 inches. Most
precipitation occurs during summer as rain (Figure 26). Areas
with the heaviest snowfall correspond to those with the most
total precipitation. Average annual snowfall amounts range
from an estimated 100 inches in the eastern Brooks Range to
only 12 inches along the northwest coast (Figure 27). The two
data stations with the heaViest annual precipitation are both
influenced by terrain. Figure 2B shows the frequency of occur·
renee of precipitation.

Preoipltatlon data are evalleble for only the four lceations shown.
Without regard to IntensitY or rate of fall, this chart gives the
frequency of occurrence of any type of precipitation, For ax­
ample, the value of 30 for Barrow In January means that 30
percent of the time, some type of precIpitation was occurring.
Period of record Is 8 to 20 years.

AdaPted from tho U.S. Air Forca_ Air Weather Smlca. Figure 28 Percentage Frequency of Occurrence of Precipitation
RCA Comments
FCC 11-13 Exhibit 1

Climate 18



Service, U. S. Air Force, various dates). Calm conditions are
recorded at Barrow only 1 percent of the time, while Umiat in
the foothills, has calm conditions 17 percent of the time. By
comparison, the city of Fairbanks in the Interior basin of
Alaska, Is calm 21 percent of the time. Arctic coastal wind
speeds of 30 to 60 knots are common during winter months.
Usually, damage will not occur if buildings are designed for
strong winds. However, structural damage has occurred when
wind generated storm tides carried water into some of the
coastal villages or when wave action eroded beaches.

Strong winds can cause other problems. A whiteout condi­
tion, when neither shadows, horizon, nor clouds are discernible,
can result from blowing snow. Senses of depth and orientation
are lost, and on Iy very dark, nearby objects can be seen. Often,
guide ropes are necessary to move from one place to another.
Strong winds also can stop all aviation traffic because of
turbulence and runway drifts. Although they can occur in the
mountains, strong winds are usually restricted to specific loca­
tions where valleys or mountain passes channel the wind, dras­
tically increasing its speed.

Detailed wind information is shown in Figure 29. Wind
direction is predominantly easterly at coastal stations and
evenly divided between east and west at Umiat. Considering all
locations and directions, the strongest average wind speeds have
been recorded at Cape Lisburne. The directions associated with
these speeds are SSE through SW and do not Include the
prevailing direction. This indicates that the wind blows from
these directions only when conditions favor strong winds, such
as stonms or an intense high pressure system In interior Alaska.

Prevailing wind directions (Figure 30) are usually the
primary determinant of runway and landing strip orientations.
In the coastal Arctic they generally lie east to west. Variable
terrain, particularly in the foothills and near mountains, may
channel the wind in other directions and dictate otherwise.

Wind
Temperature differences determine pressure differences in

the atmosphere. Cold air is denser and heavier than warm air.
Since a cold air mass has higher surface pressure than a warm
eir mass, air movement (wind I flows from the cold to warm air
as long as a pressure differential exists; the greater the differ­
ence, the faster the flow. Horizontal pressure differences are
the most important, but differences in vertical gradient can also
have an effect on the horizontal wind speed. Figure 14, show­
Ing the global air flow, pictures a major down motion of air in
the Arctic. This downdraft results in a piling up of air that
creates an area of high pressure centered approximately 600
miles north of the Alaska arctic coast (Figure 18). Air con­
tinually flows south from this area of higher pressure as a
north wind. By the time it reaches the Alaska coast its direc­
tion is between northeast and east because of the rotation of
the earth, which turns a flow of air to the right in the northern
hemisphere.

Surface wind speeds along the coast are persistent and
strong compared to those In more interior regions (Air Weather

Figure 29 Detailed Wind Data----------------------....

N

Figure 30 Mean Monthly Wind Speed and Prevailing Direction
(Speed In knots)

StatIon Jan Fob Mar Apr May Jun Jul Aug Sep Oct Nov Dae Annl
Barrow 10.3 9.9 9.910.0 10.510.1 10.211.0 11.2 11.a 11.8 9.910.6

ENE E ENE ENE ENE E E E E ENE ENE ENE ENE
Barter Island 12.712.812.011.1 10.7 9.810.311.313.213.1 12.4 11.6 11.6

E W WEE E ENE E E E EWE

Umiat 6.1 6.6 4.9 6.0 7.2 7.6 6.2 5.7 5.8 4.6 5.9 5.6 6.0
w W W WEE E E E E W W W/E

,CaP< Lisburne 11.6 9.810.1 10.0 9.7 8.2 10.1 10.0 10.8 13.0 12.8 10.4 10.5
ESE ESE E E E E E E ENE ENE E E E

Source: U. S. Air Force, Air Weather Service

Q Average wind speed for direction noted

• Extreme wind for direction noted.

• Percentage frequency of occurrence of wind direction.

VVlnd speeds are in knots.

Snowdrifts c«uml by winds tllllt often mooh ~10 (0
60 knots.

N

S ilARTER ISLAND

N

w

Wind ,peed and dlroctlon data .re
available for only the four locat­
Ions ,hown. Tho flgur.s In the
Inner circle show the predominance
o! the general ea't to west flow of
air a'iong the arctic coast. In none
of the four locations are the stron~~

ost winds associated with prayal1lng
direct.ions. Period of record 1s 8
to 20 years.
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Percentage
Observations with

Obstructions to
VI$lon

Smoke
and/or
Haze

.3 .6
1.9 7.8 .0 12.7
5.1 14.3 .0 18.5
5.813.0 .1 18.2
2.8 7.1 .1 18.6

Blowing
Snow

Obstructions to Vision

Figure 34 Days with Heavy Fog
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annl

Barrow 2 2 1 3 8 12 13 12 5 4 3 2 65
Barterlsland 2 1 1 3 7 12 16 16 10 4 2 1 76

Note: The statistics for this chart were complied by noting the occurrence
of heavy fog on a daily rather than hourly basis. Heavy fog, defined as fog
reducing visibility to one-quarter mile or less, must occur at some time dur·
Ing a day to establish a day with heavy fog. Period of record Is 25 years.
Source: National Oceanic and Atmospheric Administration, Environmental Data
Service.

Note: The detelled weather conditions presented in Figures 31, 32, and
33 . are all average percentage frequency of occurrence values, based on
hourly observations. A particular value represents the amount of the total
time during that month that an event occurred. For example, in August on
Barter Island fog is present as an obstruction to vision 31.5 percent of the
time, or out of 744 total hours, fog was present for 234 hours. To qualify as
an obstruction to vision, visibilitY must be reduced to six miles or less.
Period of record Is 8 to 20 years.
Adapted from U.S. Air Force. Air Weather Servlco,

Fog

Les$ than.5

Figure 33

~ n n n n I n ~ ~
n I n ~ ~ ~ n :g I ~ I ~

~
~ n

~ j ~
'li ] ] ~ 'li 'li ~ 'li ] .. 'li ii ii 'li ii 'li

I; ,5 .S 0 .S ,S ,5 I; .S .5 ,5 ,5 I; .5 .5 ,S .5
~ ~ '" "' N .. to co ~ '" .. N <l to co ~ '" to N .. to co

l
to N <l to co ~

:§ ~ ""
... ;;: g '1 ;:! ~ ""

... ;;: :b ;:! ~ "" ... ;;: "I '1 ;:! ... ;;: :b "l"
11 .'" 12 N '" 12 11 '" 12 N 1:; :!!

J 9 31 37 21 2 20 65 25 49 51 3 3 5 37 54 1 J
F 2 17 66 18 7 2 48 50 18 82 1 6 4 23 46 18 3 F
M 1 19 47 20 13 50 60 50 50 4 6 29 36 26 M
A 6 29 29 26 10 50 50 7 49 32 12 2 12 27 40 21 A
M 6 14 25 36 13 2 1 14 65 30 13 4 32 38 13 23 24 9 24 13 7 M
J 49 26 7 10 6 2 51 30 6 11 2 79 18 3 83 14 2 1 J
J 99 1 94 6 100 100 J
A 98 2 90 10 100 99 1 A
S 78 15 2 2 3 52 38 10 88 14 86 10 4 S
0 18 20 34 20 8 12 51 24 13 12 42 44 2 24 29 20 18 8 1 0
N 4 26 46 24 9 44 43 4 13 30 57 8 9 25 31 32 1 N
0 16 40 35 9 33 57 10 11 49 40

VA 29 6 10 20 23 9 3 29 9 12 32 18 32 7 11 26 23 1 35 9 8 19 22 7 . A

Barter Isl~nd Barrow Umiat Cape L1sburne.

Figure 31 Sky Cover

-5
"'~ g ... ~ ~ !: g ~ ~ ~ !:

J 42 6 7 a 38 63 4 9 9 3
F44 6 6 7 37 50 4 8 9 28
M 42 6 7 10 35 46 5 9 1 29
A 35 5 7 10 43 41 4 1 4
M 14 3 4 8 71 14 2 6 106L
J 15 6 6 13 61 13 4 9 17
J 16 6 7 16 66 13 5 8 17
A 10 4 6 14 66 Ii 2 6 15 69
S 12 4 6 10 69 6 2 5 13 71
016 4 4 8 69 11 3 7 12 68
N 27 4 6 8 66 21 4 9 10 57
039 6 6 7 43 40 4 7 8 42
~ 26 5 6 10 64 26 4 8 1 51

Cape
Barter Island Lisburne

Figure 32 Depth of Snow on Ground

Joseph C. LaBelle

March occurrence of fog over an open lead.

Wind flows across a mountain ridge. The lenticular
cloud appears to be stationary, but It Is actually
dissipating on the leeward side at the same time it is
forming on the windward side,

Detailed Weather Conditions
Average annual sky cover conditions differ only slightly

between the four data locations (Air Weather Service, U. S. Air
Force, various dates). Divided into monthly Increments, these
differences become slightly more significant. Seasonal trends
are similar for all stations. Where total cloudiness influences
operational planning, the data in Figure 31 will be useful.

Snow depth data must be applied with caution. Even
though these data are compiled and presented in Figure 32,
their value Is greatly reduced since wind continuously moves
the snow from one area to another. Also, there are areas where
snow Is packing and developing a hard crust. Measurements
made at a single or even several locations will not necessarily
give an accurate picture of general conditions.

Obstructions to vision are yet another planning considera­
tion (Figure 33). An obstruction to vision is a condition that
reduces visibility to six miles or less. In the Arctic, particularly
along the coast, the most persistent and significant of these is
fog, which occurs often enough to be a hazard. Along the coast
the occurrence of fog increases drastically as soon as open
water begins to appear in Mayor June and continues into eariy
October. Statistics on heavy fog, a reduction to visibility of
one-quarter mile or less, are available for Barrow and Barter
Island (Figure 34). In the interior portion of the Arctic, fog
occurs most frequently in winter. Warm summer temperatures
in this area reduce fog occurrences. Smoke and haze occur so
infrequently that they have a negligible effect on visibility.
Blowing snow, however, is a serious hazard.

Climate 20
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Aviation Weather conditions are reflected In Figure 38 (Air Weather Service,
U. S. Air Force, various dates).

Aviation weather Information Is extremely important In If a flight cannot land at its destination, the possibilities
the Arctic. Lack of surface transportation makes aviation the of landing at alternate fields in the same general area can be
prime mode of transport to the region and between villages. evaluated In several ways (Searby 1971). In a study of six
Some information related to general flying conditions in the locations near the Prudhoe Bay 011 explorations, weather obser·
Arctic is shown In Figures 38 and 39. Official, current weather vat ions were taken hourly throughout the day. First, the total
information can be obtained from flight service stations at time that each location met a set criteria was established to
Barrow and Deadhorse. determine if, during the Interval of one year, certain stations

The data application discussion assumes that average experienced better weather than others (Figure 39). Second, if
weather conditions at Barrow and Barter Island reasonably one station was experiencing particular conditions, circum·
represent the coastal area between them. This does not mean stances at the other six stations at the same time needed to be
that ceiling, visibility, and wind conditions associated with a known (Figure 39). Results from the latter part of the study
particular storm in the Barrow area are also going to affect indicate that weather conditions vary considerably from site to
Barter Island the same way two days later. Both storm track site during specific periods, making It possible to select an
and intensity may vary enollgh to result in completely different alternate landing field nearby. Results from one year of data
conditions at Barter Island. The average of all these storm do not guarantee that conditions will be the same during future
conditions provides the similarity. Average ceiling and visibility years, but they are adecuate for long range operational plans.

Figure 38 ceiling and Visibility VI,lblliry lin mll..1 VisibilitY {lnmllosl
Ceiling

~3 ~1~ ~1 ~% ~% ~y. ~O lin feetl ~3 l?:.1Yl ~ 1 ~ 0/, ~Yl =.x, ~O

sa 59 60 61 62 62 62 ~1.800 61 63 64 65 66 68 68
61 63 64 64 65 66 66 ~ 1.500 64 66 66 68 70 71 72
65 67 6B 69 69 70 71 ~'.200 67 69 71 72 73 74 75
69 72 73 74 76 76 76 ~ 1.000 70 73 76 76 7B 79 80
71 74 76 76 77 78 78 =. 900 'g 71 74 76 77 79 BO Bl
74 77 79 79 80 81 82 ~ :!:800 :§ 73 76 79 80 Bl B3 64
77 80 Bl 82 83 B4 64

~
~ 700 74 78 80 82 B3 B5 B6

79 83 B4 85 86 87 BB ~600 ~ 76 80 82 B4 85 B7 88
B2 86 88 89 90 91 92 =500

"
77 81 84 86 8B 89 91

B4 8B 90 91 ' 93 94 94 =.400 78 82 86 87 69 91 92
B5 89 92 93 96 96 97 =.300 7B 83 87 8B 91 93 95
B5 90 92 93 9B 9B 99 =.200 7B B3 87 89 92 95 97
85 90 92 94 96 98 100 =100 78 83 67 B9 92 96 98
86 90 '92 94 96 98 100 ~O 78 B3 87 89 92 96 103

74 75 76 76 76 '6 76 ~1.soo 66 67 68 68 68 69 69
77 79 79 80 80 BO 80 ~1,500 73 76 76 77 77 77 77
81 83 B4 54 B4 B4 B4 ~1.2oo 77 80 81 82 82 83 83
85 87 88 88 89 89 89 :1,000 80 83 86 81 86 86 B7
B6 8B 90 90 90 90 90 ~900 . 82 95 87 87 89 98 B8
B7 90 91 91 91 92 92 "='800 ] B4 B7 89 90 91 91 91
as 91 93 93 93 94 94 •• =700 :J 86 89 91 92 93 93 93
89 93 94 94 95 95 95 E =600 86 91 93 94 94 95 95
90 93 95 95 96 96 97 ::> ="500 3 87 92 94 95 96 9B 97
90 94 96 96 97 97 98 MOO 88 92 95 96 97 98 98
91 94 96 97 98 98 98 ~300 88 93 9B 97 99 99 99
91 94 97 97 98 99 99 =200 88 93 96 97 98 99 100
91 95 97 97 9B 99 100 ~100 88 93 96 97 98 99 100
91 96 97 97 98 99 100 ~O 88 93 96 97 88 ' 99 100

Data Is presented for all months and all hours. A ceiling exists ......non tho sky is more than half covered with clouds, Due
to the- cumulative nature of this presentatIon, It Is possible to detttrmine tho percentage frequency of occurrence tor any
glven limit of ceiling or visIbility sepllratcly, or in combination of ceiling and vlslblllty. The totals pro9r~s to the right
and downward. The frequenoy of occurrence of a particular celllng height l1'tl1y be determined Indeptndontly by referrins
to totals In the ext rome right hand column for each station. The frequency of occurr(lnce of a pnrticular vIsibility range
may be determlMd Independontly by referring to the horizontal row of totals at the bottom of each station grid. The
r;:lCrCentag8 frequency for 'Nhlch the nation was meeting or &xceedlng any given set of minima may ba determined from
the figure ~t the InterseCtion of the appropriate ce1l1ng column and visibility row.

Dots coml)i1ed by U. S. Air Force. Air Weather Service
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Lakes and streams orovlde food year-round.
Here a woman of Laop ancestrV fishes through
a hole in the ice. Laplanders were originally
;)~ought to Alaska :0 develoo reindeer herdIng
JS a SOurce of fooo and income and many inter·
marrIed with Alaska Natives.

Lake and River Ice
Observation and recording of ireezeup and breakup dates

on rivers and lakes in the region began more ,han 20 years ago.
Although there are some gaps in these data, Figures 34 and 35
presem all that are available. Since river water moves, river
freezeup dates are later than those of iakes, breakup dates are
earlier, and the days that ice is safe ior men and vehicles are
fewer. The ice·iree season falls approximately between these
da,es. As soon as the temperature remains above freezing, ice
meits much more quicklY than it forms when the tempera,ure
drops below freezing.

Figure 35 gives average beginning and ending freezeup
dates of the Ice season for selected iakes and rivers. Locations
of these observational sites are iound in Figure 18. Ice obser·
vatlons are not available for other locations In this region.

Alaska's lakes and rivers are importam transportation and
recreation resources year·rouno. In summer a high percentage of
airplanes is equipped with floats. which allows them to land
~Iose to most otherwise Inaccessible areas. Floa,s are exchanged
for skis in winter. For surface 1ransoortation, these water bOdies
often must be bridged, which requires knOWledge of ice condi·
tions ior engineering design and construction.

Figure 34
Freezing Temperatures
for Selected Locations

Figure 35
Freezeup and Breakup Dates for
Selected Rivers and Other Water Bodies

Mean date of last spring Mean date of first fall
occurrence of 320F (O°C) occurrence of 320 F (O°Cl

Station and May June August September Number of Days

years of record 20 25 3D 5 10 15 20 20 25 3D 5 10 15 20 25 between Dates

I I ICape Li,burne·16 I 77

I ,
iKotzebue·l0

I
93

i !
Kobuk·l0

I I !
89

Wale,·10 66,
INome Airport'30 ! 79

i
Moses Point·24 ,

I
94

Unalakleet·10 i 94

\.. I Preparea by AEIDC from Environmental Data Service oata

Station River or other
body of water

October

10 15 20 25
November

10 15 20 25
December

10 15 20 25
May

10 15 20 25
June

10 15 20 25

Number
of day,

Elim Norton Sound
,

197. \ 164 i 219

I
I

I I i I I mlsslngdota
,

Gambell Bering Sea I I
I I I missing data I

Lake Troutman

t

,
I

I I 1851182 !I ,
! , i .. i,

Kiana Kobuk River : i I I I : ! I I I I I
220 . 209 236

Squirrel River

1 ' I i I I ! i I
, : I

221 209 I 236

I I ,
Kobuk Kobuk River .. I I 212 195 . 223

I i i I : I I i ,
Kotzebue Kotzebue Sound 208 196 : 232

I i I I I I ,
Ii I !Koyuk Koyuk River

I
216 206 i

Nome Norton Sound ! i 189 147 i
Snake River I , ! 180 160 !

Selawik Selawik River i I I I
" 211 I

I i I
Unalakleet Norton Sound 185 165 I

Unalakleet River I '.. I I I 200 178 '
i i I I i imlsslngdata

Wales 8erlng Strait
I I I

191
Wales Harbor , , 187 172 20
Wales River ,

* • 207 195 I

• 80atlng Mean fall date that Ice becomes unsafe for boatIng Mean spring date that ice becomes unsafe for vehIcle ..• Man and safe for man and vehicle (In that order). and man and safe for boating (in that order),

28

o Vehicle

PreoareCl by AEIDC from Environmental Data Service data.

Climate

Mean number of days that ice is safe for man and
'tenicle and unsafe for boating (in that oreen.
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Detailed Weather Conditions
The detailed weather information in Figure 36 is particular­

ly useful for community planning. Engineers need to know the
maximum amount of precipitation that could occur during a
specific time period to design an adequate drainage system,
Budgeting for snow removal from city streets, highways, and
airports requires knowledge of both average and extreme snow·
fall amounts as well as how often it is likely to snow each winter.
The water equivalent of snow on the ground can be applied In
flood forecasting. Accurate snow depth measurements are com·
plicated by drifting. Even taking several samples and averaging
them does not produce a value that can be applied a shan
distance away, so the data on snow depth must be used
cautiously.

Obstructions to vision, conditions that reduce visibility to
six miles or iess, are another planning consideration. The data
show fog as the most common obstruction in summer and blow·
ing snow as the most frequent obstruction in midwinter at most
locations. Data on heavy fog, defined as a reduction of visi­
bility to one-quarter mile or less, are presented for Kotzebue,
Nome, and Unalakleet. The seasonal trend for heavy fog Is simi­
lar for all three locations. Smoke and haze present significant
problems when forast fires occur in the Kobuk valley.

Average annual sky conditions differ slightly among the six
stations shown in Figure 36. All have the least cloudiness in
winter and the most in late summer. Northeast Cape and Tin
City, the locations more exposed to oceanic Infiuences, tend
to have more cloudiness than Unalakleet and Kotzebue.

l).S.Army

..

The effects of wind are clearly displayed In
these photos of Northeast Cap•.

Top: Extremely fIne water droplets that
exist at temperatures below freezing have been
blown against the building, almost covering
It with rIme Ice. In the foreground, the wind
blowing from left to right has sculpted the
snow, leaving mIniature drifts on the leeward
side of hard-crusted areas of snow protruding
above its normal level.

Center: The wind directIon is into the picture.
The loose snow has been blown away, leaving
the sculptured appearance. The buildup on the
tower, building, and cable Is either rime ice or
heavy wet snow.

Bottom: Winds on the Bering Strait coast pile
snow in deep drifts around buildings, In ~nis

area near Wales, which averages only about 40
Inches of snow a year, snowdrifts well over
six feet deep are adjacent to ground swept
clear of snow by the wind,
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Figure 70 Generalized Engineering Characteristics of Surficial
Deposits

Qa ~ Sand and grav.l-coarse-gralned deposits
Of Good foundation material .

Relatively easy to excavate
Generally well-dralned
Source of sand and gravel for construction
Not frost susceptible

am ~ Mixed coo....•and flnellralned deposits-Till
Generally high in slit content, especially near surface
Generally poor foundation materlai, except where iocally high In

gravel and sand content
Poorly drained
High In Ice content, especially In slits
Often becomes unstable If thawed; may caUse differential settlement

of foundations
Oiffleuit to excavate
Frost susceptible

gc_ sand-m.dium-gralned deposits
e Fair to good foundation material

Relatively easy to excavate
Generally well-dralned
Source of sand for construction
Not seriously frost su",eptlble

and after melting, leaves behind irregular mounds or ridges of
sediments extending along the beach as much as several miles.
Some of those with ice cores may originaily be up to six feet
high but shrink to two feet when the core melts. Others have
been observed up to five feet high with no Ice cores.

Deposits are often destroyed by the fi rst storm waves. In
some cases they persist by being pushed above the normal
reach of waves, by growth of the beach, or because close pack
ice retards wave erosion. Deposition from Ice push probebly
never amounts to more than 10 percent of the sediments above
sea level, generally ranging between 1 and 2 percent. Ice carries
sediments and drops them when it melts, possibly accounting
for up to 3 percent of the deposition near shore.

Though not quantitatively significant, sand and pebbles up
to 0.4 Inches long have been observed floating freely in the sea.
Only. flat, tabular particles float; spherical particles· sink. The
floating particles commonly gather in patches or rafts, although
they also float singly. Surface tension has been described as the
mechanism of floating. At most, only 20 to 25 pounds of
material per hour has been observed passing any given point.
Applied Geology

Geologic maps serve as a basis for describing the origin,
age, and physical character of earth materials; they also can
show the appilcation of geologic knowledge to man's use of the
land: Applied geology maps are designed to show many differ·
ent land characteristics, such as type and distribution of foun­
dation material, .gravel resources, mineral resources, and loca­
tion of potential energy sources. The applied geology chart
(Figure 70 ), when used in conjunction with the geologic map
(Figure 65), reflects the basic engineering characteristics of
each geologic unit. It can serve as a gUide to planners and de­
velopers as to what types of problems to expect and what
types of Investigations should be carried out to insure safe
and economical development.

The chart or the geologic map is not intended to serve as
a source for estimating reserves or detailing the precise uses for
which particular deposits are most suited. More detailed site
investigations, such as are found In studies done by LaBeile
(1973, 1974), Davidson, Roy and Associates (1959), and
Lounsbury and Associates (1973), are required. The chart and
map serve primarily as guides so planners can determine which
areas deserve further consideration and study.

Special Geologic Conditions Affecting the Arctic Region
Permafrost and erosion are primary geologic phenomena to

be considered in the development of the Arctic Region. Their
effects have far·reaching Impact on man's occupancy and use of
land. Earthquakes and volcanism are insignificant processes in
the Arctic Region.

Figure 71 shows the seismic zones of Alaska as interpret·
ed by the U. S. Army Corps of Engineers. The only seismic
activity reported in the Arctic between 1955 and 1964 oc·
curred in the Chukchi Sea, where four earthquakes with a
magnitUde greater than 6.0 were recorded.

Oe
01

Slit and Clay-fln.-gralned deposits
Generally poor foundation material
If thin, It can be removed or filled over prior to construction
Poorly drained
Unstable during e.rthquakes; may cause landslides along bluffs or

differential settlement.
High ice/water content
Will become unstable If thawed; may cause dlff.rential settlement of

foundations
Generally poor fill material
Frost susceptible

Peat-organic surface material
Poor foundation material
Poorly drained
Commonly removed or filled over prior to construction
Contains high percentage of Ice/water

Bedrock
Generally suitable for foundations
Somewhat dIfficult to excavate
Hard and resistant but commonly fractured
Gen.rally steep slopes In mountains make development difficUlt
can be quarried and crushed for construction material

~.

Adopltd fromddlO luppilidly rh' u,s, Army CorPI 01 £nQlllMr•• t~.,..

Figure 71 Seism.ic Zone Map of Alaska

RCA Comments
FCC 11-13 Exhibit 1

Geology 64



Permafrost

· .

65 Geology

Permafrost Is any earth material, such as soil or bedrock,
that has remainad below 32 degrees F (0 degrees C) at least
from one winter through the next. This is the minimum
duration of permafrost; much has been in existence for tens of
thousands of years.

Permanentiy frozen ground prevails throughout most of
Alaska, ranging from less than a foot in depth at the southern
margin to 1,300 feet at Barrow and 2,000 feet at Prudhoe Bay
(Figure 72 ). Local variations in thickness, areal extent, and
permafrost temperature depend on differing thermal properties
of earth materials and on local differences in climate, topo·
graphy, vegetation, geology, hydrology, and rate of heat flow
within the earth, In many places these local variations mask the
regional southward decrease in areal extent and thickness and
southward increase In permafrost temperatures. Areas around
large water bodies and thermal springs are generally free of
permafrost because of increased amounts of heat flow in the
ground. The shape of the permafrost and subpermafrost tables
reflect the presence of these features and large·scale surface
topography (Figure 73 I.

The permafrost table Is the upper boundary of perma·
nently frozen ground. The area above it is called the supra·
permafrost layer. The active layer is that part of the supra·
permafrost zone that freezes in winter and thaws In summer.
When winter freezing does not extend all the way down to the
permafrost table, an unfrozen layer remains between the
permafrost and the frozen active layer. Such unfrozen ground
surrounded by frozen ground is known as talil< (Figure 74 ).
Groundwater trapped in tallks may be stored under great
hydrostatic pressure. if disturbed, springs may burst to the
ground surface and freeze, producing a thick and often wide·
spread Ice sheet or ice mound called 8ufe;s, This process is
known as Icing. Since water deposits tend to reduce tempera·
ture fluctuations from season to season, thawing usually
reaches deeper in drier materials, Permafrost thickness is
aggrading as it thickens and degrading as It thi ns.

Shading and Insulation of the ground surface favor the
formation and continuation of permafrost which In turn
influences vegetative types, engineering structures, and ground·
water resources. Permafrost limits the rooting depths of plants,
prevents infiltration of water downward through surficial mate·
rials, and forces surface runoff. Surface drainage often ac·
cumulates in depressions where peaty materials form, creating a
continuously wet environment which promotes marsh and
tundra development, This vegetative blanket insulates and
preserves the permafrost layer, increasing its freezing depth,
Disruption of the vegetative cover destroys the fragile thelmal
balance of the underlying permafrost resulting In thaw, sub·
sidence, and erosion. Snow cover also limits heat transfer be·
tween the air and ground which affects permafrost distribution.

In the Arctic permafrost temperatures reflect seasonal
variations to a depth of approximately 70 to 100 feet. Below
that depth permafrost Is at Its coldest, warming gradually
thereafter with depth until it passes 32 degrees F (0 degrees CI,
indicating the subpermafrost boundary (Figure 75 ). Ground
ice is up to nearly 80 percent of the volume of the upper 10
to 16 feet of the ground (Figure 76 I.

Several types of geomorphic features are produced by
permafrost and frost action.

Thermokarst Topography

Thermokarst topography consists of mounds, sink holes,
tunnels, caverns, short ravines, lake basins, and circular low·
lands. Local melting of ground ice and the subsequent settling
of the ground creates this uneven topography, so It is most
common where massive ice formations such as Ice wedges and
thick segregated ice exist. Melting can result from the distur·
bance or removal of vegetation or by a warming trend in
climate. Even small disturbances, such as a vehicle driven across
the tundra, can create thermo karst features.
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Engineering Considerations
The widespread occ,urrence of permafrost requires special

engineering considerations for the design, construction, and
'Ylalntenance of structures and facilities. Permafrost degradation
; primarily related to the insulatfon qualities of the surface
layers and the ice content of the frozen ground beneath.
Sensitivity is great in the north, where the surface organic layer
Is thinnest and soli Ice content is highest.

The engineering limitations associated with permafrost are
not the same for rock type or sediment. Frozen bedrock with
Ice In its crevices will present few, if any, construction or
maintenance problems. Well·drained, coarse sediments such as
gravel, may contain little or no Ice, even though they are
frozen. Here again, few, if any problems occur. Although saline
water in sediments may be below 32 degrees F (0 degrees C), it
may remain liquid because of its lower freezing point.

Major engineering problems arise when permafrost occurs
in poorly drained, fine·grained sediments. These sediments con·
tain large amounts of ice. Disruption of these deposits results
In a change in the thermai balance which causes the Ice to melt
(Figure 77 l. Thawing produces excessive wetting and plesticity
which makes the sediments unstable. This results in Icings, frost
heaves, slumping and subsidence of the ground surface, and In
many cases, the sediments flow laterally or downslope. During
winter the active layer freezes downward from the ground
surface to the permafrost table. In fine·gralned materials espe­
cially, the formation and resulting expansion of Ice causes frost
heaving. Thawing of permafrost and cycles of freezing and
thawing in the active layer causes extensive damage to high­
ways, railroads, airstrips, and other facilities. Computer models
are being used to predict the interaction of permafrost and
man-made structures. This may reduce construction and main­
tenance costs,

Lack of slIfflclent Insulation below this lItllitles
blillding at Barrow allowed heat from the strllcture
to thaw the permafrost below. Slumping resUlted
In severe damage to the structure.

Robert Lewellen

Figure 77 Thaw·Slumplng in Permafrost Below a Heated Building
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The best approach to construction In the Arctic Is to pre­
serve the permafrost by enhancing the natural Insulatlve cover
to prevent thawing of frozen sediments, Roads and airfields
must be built on insulated basements that are thick enough
to limit thawing of the underlying frozen ground (Figure 78).
Structures must either be built on similar gravel pads or foot­
Ings or be raised on pilings that allow air circulation beneath
the structure, Self-refrigerated pilings are now being used
at some locations to maintain frozen ground temperatures
(Long 1973).

Gas, oil, and power utilities must either be raised on
elevated utilidors, laid upon gravel basements, or burled and
Insulated enough to prevent thawing and degradation of perma·
frost.

Gravel Is in short supply In much of the Arctic, and
even In areas of plentiful supply, removal can cause damage
to the land. Experiments with artificiai fill materials such
as wood, styrofoam, sulfur foams, and the new rigid and
flexible polyurethane foams, 'used in conjunction with gravel
to form Insulating basements and pads, have proved to be
satisfactory in many Instances.

Figure 78 Effect of Gravel Fill Upon Permafrost Thermal Regime

During the late 1940s or early 1960s a trail was c, D. Evans, U.S, Fioh
bladed east of the Colville delta In winter. Numerous ,nd Wildlife Service
summer thaws since then have slumped and flooded
the trail so badly that It has formed a stream,
draining several tundra lakes In its path.

An example of a clean, properly constructed oil drill·
ing pad, located near the mouth of the Itkillik River.
A thIck gravel pad and runway complex pfevented
permafrost degradation during drilling operations,

Joseph C, LaBelle.
AEIDC
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Roillgon tracks on the tundra near Cape Simpson.
Driving vehicles on the tundra in summer often
results in destruction of the Insulating vegetative
cover. Permafrost below can then melt, flooding
the track.
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Top left: Gravel roadbeds of sufttclent thickness
will prevent permafrost thaw. If the bed is too
~hln, as seen here at an all pad west of Sagwon,
ice wedges melt beneath the road. resulting in
slumping and flooding.

Top right: Gravel road near Prudhoe Bay Is
about throe to four feet thick. enough to prevent
permafrost thaw slumping.

Center left: Raising gas utilidors above the ground,
as here at the Naval Arctic Research Laboratory near
Barrow. avoids difficult excavation in frozen ground
and prevents permafrost degradation.

Center right: Steel mesh over thick gravel runways,
as used at the Naval Arctic Research Laboratory near
Barrow, provides the surface strength necessary for
heavy aircraft traffIc.

Bottom: lnstalllng pilings in permafrost near Prud.
:,oe Bay, Raising buildings on plies allows aif Clr.
cUlation beneath the bUIlding, preventing perma.
frost thaw.

RCA Comments
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Floods

Extensive severe flooding, especially in the larger stream
channels, occurs during spring breakup between May and early
July, Ice jams increase the height of the floodwater, especially
in downstream reaches. When spring flow begins, it overflows
the massive ice that is stili frozen to the channel bed. Flooding
extends for considerable distances, often up to several miles on
each side of the stream (Figure 87 I. Flooding subsides as the
Ice is released from the stream bed and carried downstream and
out to sea. Often, large blocks of ice are left stranded on
beaches and bars where they quickly melt and disappear,

Tundra flooding is common during the snowmelt season,
Because of the extremely flat terrain, drainage is slow and
sluggish. Melting snow often pools temporarily behind unmelt­
ed snow berms, hardpacked winter snow roads, and other
minor obstructions. Local flooding, especially bothersome in
populated areas, occurs until snowmelt Is complete and the
waters can drain away.

Intense, long periods of rainfall can cause ganeral flooding
and swollen streams. This is not a normal yearly occurrence
because of low precipitation in the Arctic, however, floods
from August rains have been extensive, perhaps once every 15

Snowmelt flooding In the vII lag. of Barrow,

, ,

to 20 years. In winter, flooding is locally caused by the growth
of large icings that cover some river floodplains to heights that
often exceed open channel flood stages.

During iate fall, storm surges often cause significant flood­
ing and damage along coastal areas. At that time, Ice may be
far enough offshore to allow northwest winds a long fetch of
open sea. The winds can develop high waves and a storm surge
tide that inundate coastal areas. A storm of this type occurred
in October 1963; the worst in Eskimo memory and considered
a once in two hundred years occurrence. Extensive flooding
and damage were sustained at the vlllage of Barrow and the
Naval Arctic Research Laboratory.

Beach erosion, most extensive during coastal storms but
known to be a continual process, often is responsible for local
flooding of coastal communities and installations. Studies have
shown this process to be accelerated by removal of beach
gravel for local construction,

. Several alternatives are available to assist In flood protec­
tion and prevention, including construction of levees and bank
stabilization. Stream overflow is apparently not a significant
problem at present because no communities are built within
stream flood areas. As most villages depend on the sea for their
economic base, development away from the coast is not
an alternative, especially in the west arctic subregion. Local
protection works appear to be the major means to stop beach
erosion and storm flooding.

102 Water
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Colville River during breakup flooding,

Runoff reaches a oeak just after breakup rn June and
recedes to lower flow 'throughout the rest of the
summer, Colville River.

RCA Comments
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Economy The overall economy of the Arctic Region Is a com'
blnatlon of monetary, barter, and subsistence factors. PartI­
cularly since the post war period of exploration on Naval
Petroleum Reserve No. 4 (Pet 4), the indigenous people of
the region have participated more in an evolving cash economy.
The harvest of fish and wildlife has continued to be extremely
important (Figure 134). Evidence Indicates that in ~ome

localities this take has actually increased over the post war
period. Despite subsistence harvest levels and an Increasing
monetary economy, the Arctic Region remains depressed. This
Is reflected in the region's share of state total gross receipts as
shown in Figure 137 for 1972. More recent data Is unavailable,
but will doubtless show an Increase since the renewal of Prudhoe
Bay oil field and pipeline development and production activities.
Employment figures will also reflect this situation.

Employment, Work Force, and Unemployment
The remote, sparsely populated Arctic Region accounted

for only 1.2 percent of the state's workforce in 1973, based
on a count of workers by place of employment, and for a
,9 percent of the state's labor force, which represents a count
of workers by place of residence for the same year (Fig­
ure 139 l. Seesonallty of work is reflected in the employment
figures. In the northernmost area, severe winter weather
curtails most outdoor activity (Figure 135). This situation may
be altered somewhat with oil pipeline activity continuing
throughout even the coldest winter months.

•

Figure 134

Community

Average Annual Estimates of Subsistence Harvest Based on 1969-1973 Data-Arctic Region
(In pounds) Per Capita

Population1 Mammals Wildfowl Fish Total Harvest

Anaktuvuk Pass
Barrow
Kaktovik
Point Hope
Wainwright

97
1,901

107
369
30B

156,555
1,284,550

91,500
637,500
469,456

540
7,500
2.300

19.300
1,200

3,950
61,550
16,000
40,000

2,840

161,046
1,363,700

109,300
696,900
473,496

1,660
711

1,012
1,618
1,542

Figure 135

(1) FlgurltS represent EskImo population In 1970.
Source: Joint Federal-S1ate Lund Use Planning Commisslon for Alaska, 1974.

Climatic Effects on Resource Development and Transportation
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Transportation
Transportation modes Into and within the Arctic Region are

perhaps the most underdeveloped In the nation. The residents
depend almost exclusively on air transport for intervillage and
interregional passenger and freight movement but only a few
communities are served by scheduled airlines (Figure 160). A
system of historic winter trails exists, but Is only used occa·
sionally today. Roads are nonexistent except for the recently
completed Fairbanks to Prudhoe Bay service road and roads
within villages and the Prudhoe Bay development complex
(Figure 162).

The new and the old way to travel in the Arctic,

1B9 Services
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Figure 161 Distances in Miles Between Selected Communities on the Alaska Highway System
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Alaska Boundary 421 463 201 242 298 232 384 206 648 360 373 274 469 776 660 93 347
Anchorage 421 623 340 603 368 169 786 626 227 440 40 269 48 836 129 328 304
CIrcle 463 623 262 646 166 413 827 668 760 223 483 343 671 643 662 370 628
DeitO Junction 201 340 262 283 8'7 161 666 406 667 179 292 81 388 676 469 108 266
ESllle 242 603 646 283 390 314 606 447 730 462 466 366 661 868 632 176 429
F~jrbanks 298 366 166 97 390 249 662 803 685 82 389 178 406 478 ·487 205 363
Glennallen 232 189 413 161 314 248 696 437 416 330 141 70 237 726 318 139 115
Haines 364 786 827 665 606 662 696 159 1012 744 737 638 833 1140 914 457 711
Heine:: Jot., Yukon 205 626 666 406 447 503 437 159 653 565 578 479 674 981 755 298 552
Hornor 646 227 760 567 730 565 416 1012 853 667 267 486 179 1063 172 555 531
livengood 360 440 223 179 462 62 330 744 585 66'/ 400 260 486 660 669 267 446
Palmer 373 40 483 292 455 389 141 737 678 267 400 211 88 867 169 280 256
Paxson 274 259 343 81 368 178 70 838 479 486 260 211 307 666 388 181 185
Portage 469 48 671 369 661 406 237 833 674 179 488 98 307 884 81 376 362

·Prudhoe Bay 776 636 643 675 868 478 726 1140 981 1063 560 007 666 004 965 683 841
Seward 650 129 862 469 632 487 318 914 755 172 669 169 388 81 966 467 433
Tok 93 328 370 108 176 206 139 467 298 666 287 260 181 376 683 467 264
Valdez 347 304 628 266 429 363 116 711 662 631 446 266 186 352 841 433 264

·Presently used only for trans·Alaska pipeline construQtion traffio. Not open to public use.

Adapted from State of Alaska, Department of Highways.
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Figure 162

$ E A

_ ••- ARCTIC REGIONAl. BOUNDARY

--- 'rRMS At,ASI(A PIPEl.INE SERVICE ROAD

-HIGHWAYS'l'STEM

® STATE HIGHWAY NUMBERS

_AI.ASKA RAILROAD

.......... MARINe: HIGHWAY SYSTEM (FERRY ROUTItS)

--.. U,S, BUREAU OF INOIAN AFFAIRS - Mill NQRTl"
STAR CARC,O SHIP htepSlII ~efle~, porI, O~ nUd~d)

ICo" ~o UI~t~

~~O(.~QlJlUftS

RCA Comments
FCC 11-13 Exhibit 1


